Abstract-The HiperLAN type2 is one of the representative wireless LAN and supports high speed transmission with mobility. Its MAC protocol is based on TDMA/TDD and provides access control and resource allocation schemes. These schemes are very important to prevent waste of resources and to improve the MAC performance in various traffic conditions. In this paper, we propose a scheme that provides adaptive random access and resource allocation according to traffic load. The proposed scheme supports the efficient resource allocation and the effective access control by using access probability. The analysis and simulation results show that the proposed scheme performs better than the conventional scheme and supports priority services easily.
I. INTRODUCTION
Wireless LANs can provide mobility, facility, easy installation, cheap price of devices and higher data rate compared with typical wireless communication. Among the present standards of wireless LAN, IEEE 802.11a and ETSI HiperLAN type2 are major technologies and they use similar physical layer which can support high data rates up to 54Mbps. Especially, High Performance Radio Local Area Networks (HiperLAN) type2 which is made by European Telecommunications Standards Institute (ETSI) Broad Radio Access Networks (BRAN) project sets a goal of the broadband wireless access network interconnecting portable devices to broadband core networks to support multimedia application services in wired and wireless environments. HiperLAN/2 can connect with 3rd generation mobile core network, ATM networks and IP-based networks and can support high-speed transmission, Quality-of-Service (QoS), security, mobility, automatic frequency allocation, and power saving functions [1] .
The HiperLAN/2 basic protocol stack consists of the PHY layer on the bottom, the data link control (DLC) layer in the middle and one or more convergence layers on top. Convergence layer adapts services request from higher layers to the service offered by the DLC layer and converts the higher layer packets into frames that is used in DLC. The PHY layer uses Orthogonal Frequency Division Multiplexing (OFDM) for modulation scheme and offers seven different physical modes - modulations, code rates and bit rates whose range is from 6 to 54Mbps. The DLC layer constitutes logical link and performs connection handling, medium access control, and data transmission. It consists of radio link control (RLC), error control (EC) and medium access control (MAC) sub-layers. The MAC protocol controls random access of Mobile Terminals (MTs) and allocation of resources for the transmission of user and control data which need QoS support [1] , [2] . In this paper, we focus on not only the access control scheme but also the resource allocation scheme of MAC protocol of HiperLAN/2. We could propose a suitable medium access control scheme and a flexible resource allocation mechanism in order to support various traffic classes requiring different QoS guarantees. This paper is organized as follows. We describe the MAC protocol operation of HiperLAN Type2 in Section II and propose a new random access and resource allocation scheme in Section III. In Section IV, the system performances of the proposed scheme are analyzed, and numerical results as well as simulation results are provided in Section V. Concluding remarks are presented in Section VI.
II. MAC PROTOCOL OPERATION IN HIPERLAN TYPE2
The MAC protocol of HiperLAN/2 is based on a dynamic Time Division Multiple Access / Time Division Duplex (TDMA/TDD) scheme with centralized control. The basic MAC frame structure is shown in Fig. 1 . Each MAC frame has a fixed length duration of 2msec and it is continuously transmitted between Access Point (AP) and MT. The MAC frame structure consists of time slots for broadcast channel (BCH), 0-7803-7700-1/03/$17.00 (C) 2003 IEEEframe channel (FCH), access feedback channel (ACH) and random channel (RCH). These channels are used to exchange the control message. Also, the MAC frame has data transmission phases of downlink (DL), uplink (UL) and directlink (DiL). These phases are dynamically allocated depending on the need for transmission resources [1] , [3] .
The BCH is used to broadcast general control information and several status bits to all MTs within a radio cell. The FCH informs the MTs of the current frame composition and resource allocation pattern scheduled by AP. The ACH sends acknowledgements about MT's access attempts at the previous frame. The RCH is uplink channel and is used when MTs need the random access to request uplink resources. The user data are transmitted in DL phase (from AP to MT), UL phase (from MT to AP), and DiL phase, which is optional and is directly used between two MTs. The allocation of these resources for the transmission of user data as well as the allocation of the appropriate number of RCHs for the random access is dynamically controlled by AP scheduler every MAC frame.
For the access request, the MT must use RCH, which is controlled by a contention window CW a maintained by each MT. The contention window shall be derived from the number a, where a is the number of retransmission attempts made by the MT. For the first access attempt, a shall be set to 0. The size of the contention window, CW a is defined as follows 1) Initial Attempt:
2) Retransmission:
where n is the number of RCHs in the MAC frame. The RCH number used for the access attempt shall be selected by a uniformly distributed random integer value r a within [1, CW a ]. An MT shall start counting r a from the first RCH in the MAC frame, in which the ACH indicates the failure of the previous access attempt. In initial attempt, the MT starts counting with the first RCH in the current frame. This first RCH is specified by number 'r a = 1'. The RCH with number equal to r a is the RCH that the MT can access. The MT cannot access the RCH until its counter has reached the RCH with the number equal to r a . After the MT receives the ACH with positive feedback, a shall be reset to 0 and the MT can transmit data in uplink phase [1] . Therefore, because the random access scheme of Hiper-LAN/2 operates based on the contention window exponentially increasing every retransmission, the MT can select the RCH number within larger frame ranges whenever a collision occurs, and so the probability of access failure of the MT can be decreased.
III. PROPOSED SCHEME A. Related Works
The standard of HiperLAN/2 does not contain any particular control of MT access scheme at heavy traffic load and does not originally define a control scheme of the number of RCHs. However, the allocation number of RCHs is important because too many RCHs may result in a waste of radio resources and too few RCHs may result in many access collision. So, the dynamic random channel allocation scheme in HiperLAN/2 has been proposed in [2] . In this allocation scheme, the number of RCHs allocated to the next frame is determined in consideration of the number of successful RCHs and the number of collided RCHs as follows:
where r(t) is the allocated number of RCHs at MAC frame t, N f (t) is the number of collided RCHs, N s (t) is the number of successful RCHs, α and β are weighting factors, and I idle (t) is indication function of which value is 1 if there is no access attempt, otherwise its value is 0. Using (3) and (4), it can allocate the resources according to traffic load because the number of RCHs can be changed each frame adaptively. But, if the needed number of RCHs could exceed R max when the traffic load is very heavy, this scheme cannot assign enough number of RCHs, because the maximum number of RCH is limited by R max . In this case, the collision probability and the delay of MTs grow higher by many backoffs. Thus, we need to control MTs' accesses together with adaptive RCH allocation scheme when the traffic load is very high.
B. Proposed Adaptive Random Access and Resource Allocation Scheme
The adaptive random access and resource allocation scheme is proposed to provide both the access control scheme and the efficient resource allocation scheme. Moreover, the priority service of MTs can be provided using this scheme. First, the AP controls the number of RCHs allocated to current frame by using both access probability and estimated number of MTs accessed at previous frame. Then, the AP broadcasts the access probability for the access control of MTs, and each MT does access attempt based on this access probability. Fig. 2 shows the operation of AP and MT for the proposed scheme. Gray color blocks show the operation of the AP, and the other blocks show the operation of the MT.
This procedure operates frame by frame. After new frame starts, the AP estimates the number of MTs which accessed at the previous frame and the AP determines the number of RCHs and access probability in current frame. First, the number of RCHs allocated in current frame i, n(i), is given bŷ Fig. 2 . Procedure of the proposed scheme
where P 0 is the initial broadcast probability, which we desire to broadcast at the beginning, and P bc (i−1) is broadcast probability sent at the previous frame. k(i−1) shows the number of MTs that accessed in the previous frame. We can approximately know this value based on the sum of number of successful RCHs and twice number of collided RCHs. The adjust factor, α, shows additionally the allocated number of RCHs for increasing the access successful probability. Thus, we can calculate n(i) adaptive to broadcast probability and traffic load by (5) . By the way, even if the calculated n(i) is over the R max , the maximum assignable number of RCHs, the n(i) should be limited by R max as shown in (6) . In this case, we cannot use the initial probability P 0 for broadcasting, so a new broadcast probability P bc (i) should be calculated as
Thus, we can control MT accesses by using the new broadcast probability P bc (i), which becomes lower than P 0 . After the AP sets the values of n(i) and P bc (i) in BCH, it broadcasts the information to MTs. If the MT receives the probability and the number of RCHs through BCH, it adjusts the value of probability according to the service priority for sending data. Then, the MT generates a random number between 0 and 1. If this value is lower than the broadcast probability, the MT randomly selects the RCH number r a between 1 and n(i), and starts access attempt using the selected RCH number r a . Otherwise, the MT does not transmit data at the current frame and starts this procedure again at the next new frame.
Therefore, the proposed scheme controls MT access using the broadcast probability instead of the contention window method of the HiperLAN/2 standard. It controls the number of RCHs according to current traffic load every frame. Even if the needed number of RCHs is over the maximum number in case of high traffic load, it naturally reduces the broadcast probability and eventually induces only MTs suitable for the offered number of RCHs to access. Therefore, if we use the proposed scheme, because the access probability and the number of RCHs can be controlled efficiently according to traffic load, the accessing successful probability can be so increased that total throughput and delay performances can be improved. Moreover, this scheme can simply provide the service priority in HiperLAN/2.
IV. PERFORMANCE ANALYSIS
We want to obtain the probability that only x MTs can access successfully as a function of the number of offered RCHs and the number of accessing MTs. When the number of RCHs is n and the number of accessing MTs is k, the probability of successful access of x MTs, only if 0 ≤ x ≤ min{n, k}, is calculated as
, if x=k and n≥k 0 , otherwise
where
The denominator of (8) shows the number of total cases and the numerator is expressed by the product of the cases in which x MTs succeed in accessing certain of the n RCHs available, and π(x). Here, π(x) given by (9) shows the failed attempts of k−x MTs to access i RCHs out of the n−x RCHs that remain after x MTs have succeeded in accessing. Thus, we can get the access success probability by (8) when the number of successful MTs is x. The average successful probability can be defined by the average accessing number of MTs. By using (8), if the average accessing number of MTs is k and the average number of offered RCHs is n, the average successful probability is given by
We define that throughput is the total number of successful accessed MTs over the total number of offered RCHs. If the average number of offered RCHs is n, throughput ρ is shown as
When the average delay of packets is defined as the time needed to successfully transmit a packet, the average delay of packets, D is described as
where T frame is the duration of one MAC frame.
V. NUMERICAL AND SIMULATION RESULTS
The performance of the proposed scheme and conventional scheme are evaluated by numerical analysis and computer simulation using C++. We consider one wireless LAN cell, which has one AP and many MTs. Each MT and AP are exactly operated by the proposed scheme. The radio channel environment is assumed to have no transmission error between the AP and the MT, and transmission is failed only when there is an access collision. We focus our attention on random access and resource allocation scheme [2] . We assume that each MT generates a request message with a Poisson arrival rate λ. Here, the request message arrival rate λ is assumed to be the superposition of newly arriving and retransmitted request messages [4] . In this result, the arrival rate of access request, λ is 100 per second, i.e. inter-arrival time between access requests is 0.01 sec equivalent to 5 MAC frames. The length of request message is equal to one RCH duration and every MT has homogeneous traffic generation [2] . The other parameters to obtain results are shown in Table I . Computer simulation is performed during 2000 sec which handles 1×10 6 MAC frames. We compared the proposed scheme with the conventional scheme which has the fixed number of RCHs. The number of RCHs is varied as 5, 10, 15 and 31, which is possible maximum number of RCHs in HiperLAN/2 standard. We have used three performance measures such as throughput, delay, and success probability according to traffic load. Fig. 3 shows the throughput ρ as the number of MTs increases. The result shows that the throughput of the scheme with fixed number of RCHs exhibits an ALOHA-like throughput versus the number of MTs [5] , [6] . Namely, the throughput increases with the traffic load, but eventually decreases as the traffic load becomes larger. Thus, conventional scheme pro- duces an insufficient result because of not using enough the allocated RCHs. But, the proposed scheme maintains its throughput almost similar to the peak throughput of the schemes using fixed RCHs although the number of MTs grows. The throughput of the proposed scheme is not decreased but is kept constant value as traffic load is varied because it controls MT accesses using the broadcast probability. Therefore, the proposed scheme is very suitable to traffic situations. Fig. 4 shows the delay performance versus the number of MTs. The delay of the conventional scheme is exponentially increased as the number of MTs grows, but the delay of proposed scheme is not above 0.006 sec that is just 3 frames. Though the proposed scheme doesn't have better throughout performance than the conventional scheme in case of fixed 5 RCHs when the number of MTs is less than 40 as shown Fig. 3 , it has better performance in case of delay as shown in Fig. 4 . The proposed scheme shows almost constant delay despite of traffic variation because it efficiently controls both RCHs' allocation and MT's access. Therefore, it can be adapted to delay critical services like a real time service. Fig. 5 shows the success probability of the access attempt. The success probability of the schemes with fixed number of RCHs is reduced quickly as the number of MTs is increased, but that of proposed scheme is slowly decreased and is converged at 0.47 because it controls the MT access using broadcast probability in accordance with traffic load. So, the proposed scheme also shows a good performance in view of success probability. Fig. 6 shows both throughput and delay performances according to each priority service of MTs as the value of access probability is adjusted depending on MT's priority during the access procedure. The parameter δ, used for adjusting access probability, is set to 0.1. We can see the difference according to each priority in both throughput and delay graphs. Namely, high priority service has better performance than low priority service. Therefore, the proposed scheme can support MT's priority services by using this simple method.
VI. CONCLUSIONS The MAC protocol of HiperLAN type2 is operated based on TDMA/TDD and can control both MT access and RCH allocation every MAC frame. These access control and resource management are very important to prevent waste of resources and to improve the MAC performance in various traffic conditions. Thus, we proposed a new scheme which supports the efficient resource allocation and the effective access control according to traffic load by using broadcast probability. Through numerical analysis and simulation, we evaluated the throughput, delay, and success probability performances according to the number of MTs. The proposed scheme shows better performances compared with the conventional scheme and also supports priority services easily. This scheme could also be applicable to other systems requiring adaptive access control or resource management without difficulty.
